A B S T R A C T The control of calcitonin secretion in humans has been studied extensively only in patients with medullary thyroid carcinoma since the peripheral concentration of the hormone in normal subjects is too low for accurate measurement by existing assay procedures. However, we have recently found that the concentrations of calcitonin in the peripheral plasma of hypocalcemic subjects during provocative tests of hormone secretion were high enough to be measured by radioimmunoassay. Accordingly, the effect of calcium and pentagastrin infusions on plasma calcitonin was studied in nine patients with pseudohypoparathyroidism, seven patients with idiopathic hypoparathyroidism, and six patients with hypocalcemia not due to parathyroid disease. The infusion of calcium in these hypocalcemic subjects resulted in increases in plasma calcitonin to levels that could be readily detected by our radioimmunoassay. Pentagastrin infusion also caused an increase of plasma calcitonin in some subjects, but calcium was approximately 10 times more effective than gastrin in its stimulatory effect on hormone secretion. These results demonstrate that in humans as well as other mammals the secretion of calcitonin by parafollicular cells that are not involved by medullary thyroid carcinoma is directly related to plasma calcium and that gastrin can also stimulate hormone secretion. The results are consistent with the thesis that the secretion of calcitonin by normal human subjects does occur but at peripheral concentrations of the hormone below the detection limits of most existing immunoassays; hypocalcemia leads to increased stores of hormone that can be released by the appropriate stimuli.
INTRODUCTION
The control of secretion of calcitonin in humans has been extensively studied only in patients with medullary Received for publication 3 March 1973 and in revised form 23 July 1973. thyroid carcinoma. These patients have peripheral concentrations of the peptide that are abnormally high and that can be readily measured by specific radioimmunoassays (1) (2) (3) . In these patients, it has been shown during functional tests of hormone secretion that calcitonin levels are directly related to blood calcium: hormone concentration rises after induced hypercalcemia (calcium infusion) and falls after induced hypocalcemia (EDTA infusion) (2) (3) (4) . The infusion of gastrointestinal hormones such as gastrin and glucagon, effective in stimulating calcitonin secretion in animal species (5) (6) (7) , has a variable effect on calcitonin secretion in patients with this thyroid tumor (2) (3) (4) 8) . Efforts to study calcitonin secretion in humans other than those with this thyroid cancer have not been extensive because peripheral calcitonin concentrations are too low for accurate measurement, even after calcium infusion (4, 9, 10). We recently observed that, in contrast to findings in normal or hypercalcemic subjects, calcitonin levels after calcium infusion were high enough to be readily measured in patients with hypocalcemia due to various disorders (11) . These patients were, therefore, studied in greater detail as they seemed to represent a unique opportunity to examine calcitonin secretion in subjects with parafollicular cells that are presumably free of medullary thyroid carcinoma.
METHODS
Three groups of patients with hypocalcemia were studied, patients with pseudohypoparathyroidism, patients with idiopathic hypoparathyroidism, and patients with hypocalcemia not due to relative or absolute parathyroid hormone deficiency, many of whom had clinical evidence of malabsorptive states (12) . The patients with pseudohypoparathyroidism had hyperphosphatemia in addition to hypocalcemia, the classical somatotype of pseudohypoparathyroidism, and elevated levels of immunoassayable parathyroid hormone (13) . The patients with idiopathic hypoparathyroidism also had hyperphosphatemia in addition to the hypocalcemia but were without the characteristic somatotypic features of pseudo-parathyroidism, and immunoreactive parathyroid hormone was not detected in their plasma. The third group of patients with hypocalcemia had either hypophosphatemia or normophosphatemia and normal or elevated levels of parathyroid hormone (Table I ). All patients had normal renal function.
Fasting plasma samples were collected from each patient. Each patient also underwent a calcium infusion of 5 mg/kg per h of calcium as calcium chloride for a total of 3 h except in one instance. In that one patient (represented by the symbol * in Fig. 4) , the infusion was terminated at 2 h because of infiltration. 10 patients with hypercalcemia and 10 normal subjects served as comparison groups for the calcium infusions. In addition, pentagastrin (Peptavlon, Ayerst Laboratories, N. Y., N. Y.) at a dose of 0.5 pg/kg was given intravenously over several minutes to seven of the patients. In these seven patients who received calcium and gastrin infusion, both infusions were performed within 1 wk of each other. The patients were not treated for their hypocalcemia between the two infusions, and there was no significant difference in the basal plasma calcium at the start of the calcium and gastrin infusion for each patient, respectively. In three of the patients (Fig. 4, 0 (4, 14) . Each plasma sample was assayed in at least two assays and at multiple dilutions ranging from 25, 50, 75, and 100 1Al in a final incubation volume of 500 I.d. In all instances, related samples, such as the comparison of the effect on calcitonin of gastrin and calcium infusions, were run in the same assay. In our experience with the immunoassay for calcitonin most normal and hypercalcemic subjects have undetectable (less than 100 pg per ml) levels of hormone even after calcium infusion (4, 14) , and the inter-and intra-assay variation is 20 and 10%, respectively.
RESULTS
The mean (+SE) basal plasma calcium for all of the hypocalcemic subjects was 7.02 (+0.32) mg per 100 ml. The plasma calcium and parathyroid hormone for each of the three subgroups is tabulated in Table I . Fig. 1 shows a typical result of the effect of calcium infusion on plasma calcitonin in a patient from each one of the three hypocalcemic groups. Fig. 2 summarizes the effects of calcium infusion on plasma calcitonin for all of the subjects. In this figure the highest plasma calcitonin after the start of the calcium infusion is plotted for each patient. In each case except one, the calcitonin value was the one taken at 3 h, the end of the infusion. In one patient, the 2-h value is plotted since the infusion was terminated at this time because of infiltration. Calcium infusion was followed by an increase in plasma calcitonin in the majority of the hypocalcemic subjects. There was no definite increase in plasma calcitonin in the control group of normal and hypercalcemic subjects. Among the individual patients, no correlation could be established between the postinfusion plasma calcitonin and either the basal calcium or parathyroid hormone concentration, the postinfusion calcium, or the change in calcium this response was significantly greater (P < 0.01) than that which occurred in the other patients. Fig. 3 compares the effect of the calcitonin in the postcalcium infusion plasma samples from two of the hypocaleemic subjects to the effect of the calcitonin standard on the inhibition of the binding of labeled calcitonin by specific antibody. The assay curve produced by dilutions of the plasma samples superimposed on that produced by the calcitonin standard. Similar results were obtained with corresponding samples from other hypocelcemic subjects. Fig. 4 compares the effect of pentagastrin infusion to the effect of calcium infusion on plasma calcitonin in several hypocalcemic subjects who received both infusions. The highest postgastrin concentration of calcitonin is plotted in each instance. In contrast to the calcium infusion, there was more variability in response of calcitonin to gastrin with the peak concentration varying from a to 2 h after gastrin infusion. Calcium infusion was followed by an increase in plasma calcitonin in all subjects except one (with idiopathic hypoparathyroidism) who also did not respond to the gastrin infusion. Three of the seven hypocalcemic subjects did not respond to pentagastrin infusion. Pentagastrin had no demonstrable effect on plasma calcium. As with the calcium infusion, no correlation could be established between the postgastrin concentration of calcitonin in the individual subjects and the other measured (5) (6) (7) . Its concentration has been found to range from approximately 0.1 to 10.0 ng per ml, and a direct relationship has been established between plasma calcium and calcitonin secretion in these species (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Calcitonin has also been readily measured by radioimmunoassay in the plasma of patients with medullary thyroid carcinoma; in some patients peripheral concentrations of hormone in excess of 10 ng per ml have been reported (1) (2) (3) (4) . Furthermore, a direct relationship between calcitonin secretion and plasma calcium has also been demonstrated in these patients during calcium and EDTA infusions (2) (3) (4) . However, considerable controversy exists about the measurement of calcitonin in subjects other than those with medullary thyroid carcinoma (2-4, 8, 9, 20) . In an extensive group of normal and hypercalcemic subjects evaluated with our radioimmunoassay, basal plasma calcitonin was generally undetectable (less than 100 pg per ml), and calcium infusion did not result in the conclusive detection of circulating calcitonin (4, 14) . However, in the present group of hypocalcemic subjects, calcium infusion had a marked effect on plasma calcitonin (Fig.  1) . During calcium infusions plasma calcitonin became readily detectable in the peripheral plasma of the majority of such patients (Fig. 2) . Furthermore, the levels of calcitonin after calcium challenge were as high as those seen in some patients with medullary thyroid carcinoma even after calcium infusion (14) . Further studies of these patients seemed useful in order to examine the reasons for the difficulty in demonstrating circulating calcitonin in man, a situation markedly different from results found in other mammals (5-7, 12, 16-19, 21) .
These studies further revealed that the calcitonin in the plasma samples from the hypocalcemic subjects who were given calcium and gastrin infusions was indistinguishable from the standard calcitonin preparation in its reactivity in the immunoassay (Fig. 3) . immunochemically indistinguishable in this particular assay system from that derived from malignant parafollicular cells (medullary thyroid carcinoma). This finding does not support the view that the difficulty in detecting calcitonin in normal human subjects is due to the fact that the calcitonin produced by normal human thyroid glands differed from calcitonin produced by malignant parafollicular cells so that the hormone from normal subjects cannot be measured immunologically by a radioimmunoassay based on human tumor calcitonin. The results obtained make it more likely that the difficulty in measuring calcitonin by radioimmunoassay in the plasma of patients other than those with medullary thyroid carcinoma results from the fact that the peptide circulates at concentrations at or below the detection limits of most radioimmunoassays for human calcitonin (10, 11) . However, it is still possible that the calcitonin secreted by malignant parafollicular cells is different from that secreted by normal parafollicular cells. This difference might not be reflected in our assay system if the antibody reacts against a common structural region of the calcitonin molecule.
One possible explanation for the very high levels of plasma calcitonin seen in patients with hypocalcemia after calcium infusion is that the hypocalcemia in these subjects results in increased storage of calcitonin in the thyroid gland so that the induced hypercalcemia promotes the secretion of these increased stores into the circulation. Accordingly, the storage and secretion of calcitonin by the presumably normal parafollicular cells in these hypocalcemic subjects is influenced by plasma calcium in a manner similar to that demonstrated for calcitonin in patients with medullary thyroid carcinoma and in a variety of animal species. This view is supported by data in rats in which it has been shown that chronic hypocalcemia tends to increase thyroidal stores of calcitonin (22) . Clearly, more sensitive assays are needed to detect secretion of calcitonin in normal human subjects; the present results in hypocalcemic subjects are only inferential with respect to calcitonin physiology in man but do provide the stimulus for further study of this problem.
The effect of gastrointestinal factors on calcitonin secretion has received recent attention. Both glucagon and pentagastrin have been shown to stimulate the secretion of calcitonin in animals (5-7). Although these gastrointestinal hormones have also been shown to stimulate calcitonin secretion in some patients with medullary thyroid carcinoma, their effect is not as consistent or as pronounced as calcium infusion (2-4, 8, 23) . Furthermore, since pharmacological levels of gastrointestinal hormones have been used in most studies, the physiological importance of these hornmones in regulating calcitonin secretion has not been established. In our studies, there was a slight increase in plasma calcitonin in four of seven subjects with hypocalcemia after the administration of a large dose of pentagastrin (Fig. 4) . However, the effect of calcium infusion on plasma calcitonin was 10 times greater in these subjects than the effect of pentagastrin. It is not likely that this lesser response to gastrin was seen because the parafollicular cells had been depleted of calcitonin by calcium infusion. The two infusions were separated by 1 wk and in four of the seven patients gastrin infusion preceded calcium infusion. Since such high doses of pentagastrin were used to demonstrate an effect on calcitonin secretion, it cannot be concluded that in those patients who responded this represented other than a pharmacological effect of gastrin on calcitonin secretion. It is pertinent to note in this respect that Sizemore, Go, Kaplan, Sanzenbacher, Holtermuller, and Arnaud have recently reported abnormally increased concentrations of calcitonin in patients with hypergastrinemia (20) . Although a physiological role for gastrointestinal hormones in the control of secretion of calcitonin has been postulated, such an effect has not been established in humans.
